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A UCN quantum computer (QC) concept

Wu et al, APL 114 (2019)

Steane & Rieffel, Computer (2000)

Takesue et al. SR 4 (2014)
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Development path

Seidelin et al, PRL 96, 253003 (2006) 

1, 2, 3, …
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Outline

 Background

 DiVincenzo criteria for UCN QC

 UCN trapping & entanglement 

 UCN source & detection
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Fermi & neutron science

On Dec. 2, 1942, Fermi & his team achieved sustained chain reaction, 

and the first fission reactor.  Key elements: fuel, neutron moderator, 

control rod, neutron detector, and radioactivity detector.

Chicago Pile-1 (CP-1)
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Neutron & the standard model of particles 

A neutron

Image credit: Wikipedia/ WWW resources



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

U N C L A S S I F I E D T. Li & Z. Wang    Slide 7

Physics beyond the standard model : Neutron approach 

• Neutron b-decay

• Neutron EDM

• Neutron lifetime

• Matter-antimatter 

• Dark matter

• …

~ 15 min



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

U N C L A S S I F I E D T. Li & Z. Wang    Slide 8

Los Alamos Neutron Science Center (LANSCE)

Thermal 

& above
UCN

detectors



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

U N C L A S S I F I E D

Evolution of neutron source

T. Li & Z. Wang    Slide 9

T. E. Mason (SNS/ORNL)
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C1: A scalable free neutron system with well characterized qubits; 

 the neutron spin or spatially quantized states of neutron (‘mini-traps’)

C2: The ability to initialize the spin state of neutron qubits;

C3: A coherence time much longer than the operational time;

• Weak neutron interactions demonstrated.

C4: A universal set of quantum gates;

 ‘mini-traps’

 Entangled free neutrons and Unitarian transformation

C5: A qubit-specific measurement;

• ‘mini-traps’

• QND measurement of a free neutron

C6: The ability to interconvert stationary and flying qubits;

C7: The ability to faithfully transmit flying qubits between specified locations;

T. Li & Z. Wang    Slide 11

DiVincenzo criteria for Neutrons 
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Q1: ‘mini-traps’ for free neutrons

Q2: QND measurement of a free neutron;

Q3: Free-neutron entanglement;

T. Li & Z. Wang    Slide 12

Near-term challenges

Shen et al, https://arxiv.org/abs/1908.09823

“Unveiling contextual 

realities by microscopically 

entangling a neutron”
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Why ultracold neutrons?

58Ni = 335 neV

Fermi potential

Gravity: 1 m ~ 102 neV

Magnetic field: 1 T ~ 60 neV
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The state of the art

~ 3 m/s

Nesvizhevsky et al, Nature (2002) Cronenberg et al, Nature Phys. (2018)
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Minitrap concepts

Rmaj

a0

D1

Out

In

UCN racetrack UCN fiberguide (~ 1 km long)
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Minitrap concepts: nanocavity
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The LANL UCN Source

T. Li & Z. Wang    Slide 19

C. Morris et al., PRL 89, 272501 (2002)

Image credit: UCN collaborations

T. Ito et al., PRC (2018)
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UCN science  Physics beyond the Standard Model

T. Li & Z. Wang    Slide 20

 Neutron EDM

 Neutron b-decay

 Neutron lifetime

 Dark matter

 …

Image credit: UCN collaborations
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Seeing individual UCN using CCD cameras
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W. Wei et al, NIMA 830 (2016) 36-43. 
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Improved resolution meeting quantum state needs

T. Li & Z. Wang    Slide 22

K. Kuk et al, https://arxiv.org/abs/1903.01335 (2019). 

https://arxiv.org/abs/1903.01335
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QND of single photons

T. Li & Z. Wang    Slide 23

Haroche et al, Phys. Today (2013)
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QND of a free neutron difficult yet feasible

T. Li & Z. Wang    Slide 24

Diamond 

Mirror
Single Neutron

Diamond 

Mirror

Cold atoms
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Summary

T. Li & Z. Wang    Slide 25

 A UCN quantum computer(QC)  is theoretically 

allowed

 Technology development can be broken down into 

multiple key components

 LANSCE and other assets at LANL provide solid 

foundation for UCN QC demonstration
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